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1. INTRODUCTION 
Before I began making music with computers in the mid-eighties, I worked as a jazz saxophonist 
and composer. My work integrated the theory and sophisticated techniques ofnew music with the 
visceral rhythms and lyricism of American popular traditions. From the beginning, my primary 
objective in computer music has been to explore the use of interactive t chnologies to further my 
development of a music rooted in diverse traditions yet speaking in new and different tongues. 
My initial investigation i to the existing uses of the computer as a tool for bridging musical 
tradition was disappointing. In the examples I found, convincing integration of these diverse le- 
ments rarely seemed to occur. Machine improvisation was not taken very seriously by improvisers, 
while at the same time computer musicians did not appear to take improvisation seriously. Jazz 
and American popular music had fostered what are perhaps the most important developments 
in improvisation ofthis century, yet the computer music community seemed indifferent. 
From the beginning of my work with computers, I have questioned the borders between ew 
music, and popular traditions, and challenged the artificial distinction between composition and 
improvisation, so that all these elements can interact freely. 
My work with computer-based nsembles has provided me with the opportunity to design new 
models for group interplay. The repertoire ranges from highly orchestrated works to human- 
machine improvisational duets, and from computer generated sheet music to automatic perform- 
ers. A collaboration with media artist Jennifer Hall features two performers controlling a network 
of real-time interactive multimedia systems. 
2. "LEGACY:  SAN LAZARO"  
"Legacy: San Lazaro" is a composition with both scored and improvised parts in which the per- 
former interacts with a computer music system. The system generates music both independently 
and in response to what the instrumentalist plays. I designed and programmed the software 
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and perform the piece on soprano saxophone. The piece is one of my initial explorations which 
melded isparate musical traditions using an interactive system for live performance. 
The piece was composed and premiered uring a residency at the Banff Centre for the Arts 
in Canada in 1989. It was subsequently performed at the 1991 International Computer Music 
Convention in Montreal, at Berklee College of Music, and the Experimental Intermedia Studio 
in New York. 
I have written versions of the Legacy software for several computers, in both C and MAX. The 
version demonstrated at SEAMUS '93 was the C version. 
"Legacy: San Lazaro" is 11 minutes long, and consists of three sections: Prelude, Interlude 
and Clave. The instrumental part for the first two sections is scored. The third section includes 
both scored and improvised passages. 
3. RHYTHMIC  VARIAT ION GENERATOR 
The Rhythmic Variation Generator is a rhythm sequencer that improvises on precomposed 
rhythmic patterns. It can generate several minutes of musical variations based on a one bar 
pattern. The variations extend the source rhythm in ways that a live percussionist cannot. The 
example, or seed, is created using a MIDI sequencer and imported to the Rhythmic Variation 
Generator using the standard MIDI file format. 
The Rhythmic Variation Generator maps sampled percussion timbres to the individual parts 
that make up the polyrhythm. The reassignment takes place at random points in the bar, 
disguising the cyclic nature of the rhythm. Beats are skipped every few bars to create aperiodic 
patterns. 
The rhythmic seed used in Legacy is based on the Cuban clave rhythm. The original two bar 
rhythm has been truncated by one beat, giving one bar of 7/4. 
4. INPUT VARIAT ION GENERATOR 
In 1988, I composed "Dialect," a piece for saxophone and interactive music system using the 
Markov chain capabilities of Jam Factory. The Markov chain is a table of transition probabilities 
that represents he likelihood that a pitch will follow a given succession of pitches [1,2]. Jam 
Factory was not designed for continuous real-time Markov analysis, which led me to the design 
of this system. 
Legacy constructs a Markov chain of the performer's pitch input in real-time. The Markov 
chain is used to generate melodic material that is mapped to the polyrhythmic output of the 
Rhythmic Variation Generator. 
The software uses a "first in, first out" buffer to track the performer's input. When a new note 
goes into the buffer, the Markov chain is updated to represent only those notes in the buffer. 
Three simultaneous melodies are generated using the Markov data. Each melody is assigned a
rhythm from one line of the polyrhythm. 
5. PRELUDE,  SECT ION 1 
In this section, Rhythmic Variation Generator creates constantly evolving polyrhythms. 
Pitches from the Input Variation Generator and a stochastic note generator are mapped to the 
polyrhythm. The resulting stream of notes are sent to an FM synthesizer which plays them on 
pitched instruments with percussive nvelopes. The MIDI channel mapping engine multiplexes 
channels 1through 7 in a rotary fashion, blurring the distinction between rhythmic and melodic 
parts. 
In the middle of this section, I cue the computer to turn off the Rhythmic Variation Generator 
by pressing a foot pedal that sends the computer a MIDI program change. The rhythmic material 
then becomes a group of four drum rolls that decelerate hen accelerate at different rates. Each 
"Legacy: San Lazaro" 91 
roll is assigned a unique pitch. Timbres are not multiplexed. The volume remains tatic. Twenty 
seconds into this section, the player uses a foot pedal to return to the original algorithm and the 
synthesized music gradually fades out. Throughout this section the saxophonist plays a melody 
in a freer tempo. 
6. INTERLUDE,  SECT ION 2 
This section explores harmonic, timbral and spatial modulation. The timbral modulation 
technique is similar to the timbre space studies of Wessel [3]. The effect models the way I 
imagine an organ would sound if the stops were controlled by a computer program that gradually 
changed their position using random numbers.. 
The performer's volume modulates the mix of two chords panned to different ends of the 
stereo field. When I play a note, the computer plays two triads (hard panned left and right 
and using different timbres for each speaker). The top voice of each triad doubles the note that 
I am playing. The other two notes are random pitches within an octave below my note. The 
shift between chords of different timbres, pitch contents and spacial placement is perceived as a 
morphing process. 
7. CLAVE:  SECT ION 3 
The last few minutes of the piece are an improvisational trio between the saxophonist, he 
Rhythmic Variation Generator, and the Input Variation Generator algorithms. The Rhythmic 
Variation Generator triggers percussion samples. The Input Variation Generator models elec- 
tronic guitar effects pedals such as delay, feedback and distortion, and is activated when the 
instrumentalist depresses a sustain pedal. 
In the Clave section, the number of polyrhythmic parts triggering the percussion samples is 
determined by the player's input. The density algorithm checks the buffer every time a new note 
goes in. If there are no more than two distinct pitches the number of parts in the polyrhythm 
changes. This vertical density modulation improves the effectiveness of the Rhythmic Variation 
Generator dramatically. 
Every 8 to 15 seconds, each rhythm can be assigned a new pitch. Likewise, every 8 to 15 seconds, 
an instrument can be assigned a new rhythm. We sometimes hear one rhythm migrate from 
instrument to instrument, or one instrument migrate from rhythm to rhythm. 
The final section uses MIDI input from the saxophonist to mask triggering the algorithmic of 
percussion samples, invoking a call and response between human and machine. The elusive and 
unpredictable nature of the machine accompaniment i  this section challenges the performer to 
adapt o frequent changes in musical direction. 
8. AFTERTHOUGHTS 
After designing this piece, I implemented a more elaborate Markov chain algorithm that main- 
tained the velocity, delta time and duration of the notes as well as an arbitrary number of orders. 
Markov analysis was also used to classify the probability of intervals occurring, creating melodies 
that resemble the original but move through numerous tonal centers. 
A later piece that extended these techniques was created in collaboration with Cuban per- 
cussionist Ernesto Rodriguez. We used a MIDI file recording of Rodriguez to drive the rhythm 
engine. In that case, we used a four-bar phrase of bata drumming. The file was not quantized 
and the engine maintained the masterful rhythmic nuances of his performance. Rodriguez and 
his colleagues found that the Rhythmic Variation Generator could create a convincing simula- 
tion of an extended performance of bata drummers based on a four-bar seed. A piece utilizing 
these xperiments, "Sacred Bath," was performed at the International Festival of Electroacoustic 
Music '93 in Veradero, Cuba. 
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